With the advent of social media, the amount of text available for processing across different natural languages has become enormous. In the past few decades, there has been tremendous increase in the number of language processing applications. The tools for natural language computing of various languages are very different because each language has its own set of grammatical rules. This paper focuses on identifying the basic inflectional principles of Tamil language at word level. Three levels of word inflection concepts are considered -Patterns, Rules and Exceptions. How grammatical principles for word inflections in Tamil can be grouped in these three levels and applied for obtaining different word forms is the focus of this paper. These can be made use of in a wide variety of natural language applications like morphological analysis, morphological generation, word level translation, spelling and grammar check, information extraction etc. The tools using these rules will account for faster operation 
INTRODUCTION
The number of social media platforms for various purposes like blogging, micro-blogging, photo sharing, social networking etc., has risen steadily. The number of people who are members of the same has also increased. For instance, the micro-blogging website Twitter has about 330 million users (on 1st January 2018) and about 500 million tweets (on 24th January 2017) are sent on an average per day [1] . This in turn, has paved way for collection and processing of various forms of data -text, image, video etc., generated with high velocity and veracity. Focusing on the processing of text, the posts of users in different natural languages have to be analysed; this avenue of NLP has many challenges. One of them is to analyse text and interpret the meaning conveyed. This is not possible without a tool which has knowledge of all the grammatical rules followed in the natural language considered. Different tools need to be used for processing different natural languages because of the differences that exist in terms of the syntax and grammatical rules. In this work, a three level grouping of grammatical principles for word inflections in Tamil language is proposed for better grammatical analysis.
Inflection in grammar refers to the modification of a root word to convey various characteristics like tense, gender, number, person, case etc. Inflection expresses one or more grammatical categories with a prefix, suffix or infix, or another internal modification such as a vowel change [2] . [ <auxiliary verb> + ந் த் <past tense marker> + ஆள் <third person femine singular suffix > paadikkoNdirundhaaL ← paadu + i + k + koNdiru + nth + aaL she was singing ← to sing + past continuous + third person + singular + feminine 2.3 பா வார்கள் ← பா <verb> + வ் < future tense marker > + ஆர் < pronominal third person singular > +கள் < plural suffix > paaduvaargaL ← paadu + v + aar + kaL they will sing ← to sing + future tense + third person + plural
In this work, three levels of word inflection rules are considered -Rules, Patterns and Exceptions. How grammatical rules for word inflections in Tamil can be grouped in these three levels and applied for obtaining different word forms is the focus of this paper. For the sake of simplicity, in this paper we call a morphological ending, a pattern. A Pattern can be a number or case ending associated with a noun or a person-number-gender marker associated with a verb. We have a set of Rules and Exceptions associated with each pattern. A Rule will define how the pattern can add to a root word or how it can separate from a morphological variation to obtain the root. An Exception to a rule will handle special cases where the rule cannot be applied directly. These three levels of grammatical forms discussed in this paper facilitate simple and efficient implementation of grammatical rules in basic NLP tools like morphological analyser, morphological generator, word level translator etc.
LITERATURE REVIEW
The three main types of morphological relations are Inflection, Derivation, and Compounding. Inflectional morphology modifies the properties of lexemes, while maintaining the basic meaning of the lexeme [3] .
Singh and Sarma aim at reducing the number of affixes and word generation and re-adjustment rules describing nominal inflection by using inflectional class information to analyse various forms of Hindi nouns. They propose that the inflectional behaviour of nominal forms should be used entirely in the formation of nominal classes in Hindi [4] .
To Ramscar, it appears that inflection is carried out through analogical reminding based on semantic and phonological similarity and that a rule-based route is not necessary to account for past tense inflection [5] .
Agglutination is a process of morphology in which complex words are formed by joining morphemes together without changing the spelling or phonetics [6] . Prominent south Indian languages like Tamil, Telugu, Malayalam, Kannada and Tulu are agglutinative [7] .
Reddiah suggests that in addition to having similar sounds, all Dravidian languages are related closely in grammatical aspects too. There are similarities in prefix, suffix, numbers, gender and syntax and that all the Dravidian Languages are formed from one main Dravidian language, which may be Tamil by most scholars' opinions [8] .
Anand kumar et al propose a machine learning based approach for morphological analysis using SVM. This is a supervised model which needs voluminous training data to get good results [9] . But rule based approaches do not have this overload of having enormous tagged training data. TamilComputingLab morphological analyser is a conventional rule based one [10] ; Piripori is the Tamil morphological analyser built on the principles discussed in this paper [11] . It was observed from the working of the above two morphological analysers that when morphological rules are grouped and streamlined following the approach mentioned in this work, the speed of processing and the accuracy with respect to precision and recall are increased compared to the conventional rule based approach. The grouping of inflectional rules in Tamil accounts for faster and more accurate operation of language tools; hence becoming necessary for better tools and applications. 
DESCRIPTION OF INFLECTIONAL RULES IN TAMIL

PROPOSED WORK
PATTERNS
These are suffixes added to root words to get the different morphological variations of the words considered. These patterns contain morphological information of number and case for nouns; tense, number, case, person and gender for verbs. Table 1 . [மலர் | malar | flower] is a noun whose inflected forms are obtained by mere suffixing of appropriate patterns. Some other nouns may require some transformation, addition or removal of certain letters. This is discussed in the Rules section. The noun and verb considered in Table 1 and Table 2 are such that their inflectional forms can be obtained by mere suffixing of the patterns given. But there are other words which would require transformation of one or more alphabet to obtain the inflected form when combining with a pattern. Such examples are discussed in the "Rules" part. 
RULES
Each pattern has a set of Rules associated with it which records the list of all possible transformations which may occur when that pattern combines with different words to form the inflected forms of the same.
When a root word combines with a specific pattern (suffix with some morphological information), the former may have a change in one or more letters, or may have one or more letters added to it to form the final inflected form. These transformations are governed by grammatical principles described in [13] , [14] and [15] . These are classified as "Rules" under each pattern i.e., each pattern has an associated set of Rules governing the transformations which may occur when the pattern combines with a word to form the inflected form of the latter.
The relationship between patterns and rules is illustrated in the Figure 1 . Each of the 'n' patterns have a set of rules associated with it. A pattern is a suffix which can be affixed with a word to form its morphological variants. Each of the rules under a pattern are numbered with a unique number also denoting the pattern it is associated with. In Table 3 
RESULTS AND DISCUSSION
280 noun patterns and 880 verb patterns were collected. The number of rules for nouns, verbs and compound words are 50, 124 and 54 respectively. Each pattern is given a specific ID. All the rules applicable for a specific pattern are grouped with the ID allotted for the pattern. These inflection rules form a repository which can be used to form a variety of NLP tools like morphological analyser, morphological generator, word level translator, spelling and grammar checker etc.
The grouping and classification of inflectional rules in Tamil discussed in this paper have been applied to build Piripori [11] , a Tamil morphological analyser. A list of 232292 Tamil words were taken from different sources and were input to Piripori and Tamil Computing Lab analyser. In Table 6 , the analysis times for 137144 Tamil words for Tamil Computing Lab analyser [10] and Piripori [11] are tabulated. The time taken by Piripori to analyse the 232292 words given as input is lesser than that taken by Tamil Computing Lab analyzer. The graphical representation of the data is given in Figure 2 . The results of the calculation are tabulated in Table 8 and represented graphically in Fig 3 . The precision and recall values of nouns and verbs of Piripori, which is based on the grouping of grammatical rules discussed in this paper are higher than those of Tamil Computing Lab analyser.
Thus with the application of the grouping of grammatical rules into Patterns, Rules and Exceptions as discussed in this paper has led to a better performing Tamil morphological analyser in terms of analysis time, precision and recall compared to another analyser following the traditional rule based approach. 
CONCLUSION
Three levels of Tamil word inflection rules are considered in this work -Rules, Patterns and Exceptions. How grammatical rules for word inflections in Tamil can be grouped in these three levels and applied for obtaining different word forms is the focus of this paper.
Efficient application of syntax and grammatical rules of a natural language in a natural language application or tool is very important for minimal error. This work focuses on the collection of inflectional rules in Tamil grammar referring [13] , [14] and [15] thus forming a repository which can be used in various NLP tools and applications. There has been great improvement in retrieval speed and accuracy with respect to precision and recall when these rules were used to build a morphological analyser compared to the traditional rule based approach.
